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ADCAbstract Purpose: To evaluate the role of real-time sonoelastography (UE) and apparent diffu-
sion coefﬁcient (ADC) value measurement in differentiating benign versus malignant enlarged neck
lymph nodes.
Materials and methods: This study included 26 patients presented with 32 enlarged neck lymph
nodes (LNs), underwent real-time UE and diffusion weighted MRI (DWI). ADC maps are gener-
ated from DWI and ADC values were calculated. Both UE and ADC ﬁndings were compared with
histopathological results.
Results: The LNs were 12 benign lymphadenopathy (37.5%, seen in 10 patients), 10 metastatic
(31.25% seen in 8 patients) and 10 lymphoma (31.25%, seen in 8 patients) including 4 LNs with
Hodgkin’s lymphoma (HL, seen in 3 patients) and 6 LNs with non Hodgkin’s lymphoma (NHL,
seen in 5 patients). On UE 10 of the 12 benign LNs had pattern of 1–2 (83.3%) and 18 of 20 neo-
plastic LNs (90%) had pattern of 4–5. The mean ADC values of the benign, metastases and lym-
phoma groups were 1.52 ± 0.37, 0.90 ± 0.15 and 0.72 ± 0.12 · 103 (mm2/s), respectively.
Conclusion: Combined real-time UE and ADC value measurement are non invasive techniques
useful for differentiation of enlarged neck lymph. The combination potentially could reduce unnec-
essary biopsy especially for elasticity pattern 1–2.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Detection of neck lymph nodes (LNs) and their differentiation
into benign or malignant are important especially in patients
with head and neck cancer for staging, treatment planning
and follow-up of cancer (1–5). Conventional imaging depends
Table 1 The ﬁnal pathological diagnosis of the studied lymph
nodes.
Pathology Number
of LNs
Percentage
(%)
Benign (reactive) (10 patients) 12 37.5
Lymphoma (8 patients) 10 31.5
Non-Hodgkin lymphoma
(NHL, 5 patients)
6 60
Hodgkin lymphoma
(HL, 3 patients)
4 40
Metastatic (8 patients) 10 31.25
Total 32 100
388 H.A. Dawood et al.upon the morphologic criteria of the LN including the maxi-
mum short axial diameter, presence of necrosis, loss of LN hi-
lum, heterogeneous enhancement, and perinodal inﬁltration
(6–10). Ultrasound (US), computed tomography (CT) and
magnetic resonance (MR) can be used in the detection of en-
larged cervical nodes; however, they cannot accurately differ-
entiate benign from malignant lymph nodes.
Ultrasonographic elastography is a noninvasive imaging
technique that can be used to depict relative tissue stiffness
or displacement (strain) in response to an imported force (11).
It varies in different types of tissue (fat, collagen, and so
forth) and in the same tissue in different pathologic states
(inﬂammatory, malignant) (12).
The application of UE for imaging tissues was ﬁrst de-
scribed in 1987 by Krouskop et al. (13). UE has been used
to examine several organs: the breast, thyroid, prostate, cervix,
liver, and so forth (12).
Diffusion-weighted MRI (DWI) is a non-invasive func-
tional technique which allows the characterization of tissues
and lesions by difference in microstructure based on the anal-
ysis of water motion as architectural changes in the water mol-
ecule movement will alter the apparent diffusion coefﬁcient
and the signal intensity in DWI and apparent diffusion coefﬁ-
cient maps (7–10,14,15).
2. Subjects and methods
2.1. Patients
This prospective study was conducted during the period from
June 2011 till January 2013 and included 26 consecutive pa-
tients (15 males and 11 females). Their age ranged from 28
to 53 years with mean age of 48 ± 7.6 years. All the 26 pa-
tients who had 32 enlarged cervical lymph node (s) were in-
cluded in the study according to the inclusion and exclusion
criteria. All underwent B-mode US, real time UE and MRIFig. 1 Drawings show diagrammatic appearance of ﬁve pattern
distribution and percentage of LN area having high elasticity (hard): p
lymph node; pattern 3, hard area P 45%; pattern 4, peripheral hard a
node. Quoted and modiﬁed from Alam (12).followed by histopathological examination (HPE) by either
neck dissection (n= 8 patients), surgical (n= 10 patients) or
US core biopsy (n= 8 patients). Institutional review board ap-
proval and informed consent were taken from all patients.
Inclusion criteria enlarged cervical LNs:
1. Patient with history of primary malignancy or lymphoma.
2. Diameter of LNs > 10 mm LNs with central necrosis were
excluded.
2.2. B-mode US and real time US elastography
For each node, B-mode images were obtained ﬁrst followed by
real-timeUEusing the sameprobe by the sameoperator. B-Mode
US and UE were performed using a real time ultrasound (GE
LOGIQ P6, using linear high frequency probe with frequency
of 10 MHz, GE Medical Systems, USA). The probe was placed
on the neck with light pressure, and a box was highlighted by
the operator that included the LN to be evaluated. The principle
of US elastography is to acquire two ultrasonic images (befores of lymph nodes. Elastographic patterns were determined on
attern 1, absent or small hard area; pattern 2, hard area < 45% of
nd central soft areas; pattern 5, hard area occupying entire lymph
Table 2 Distribution of elasticity patterns in the 32 LNs.
UE pattern Benign (n:12) Metastatic (n:10) Lymphoma (n: 10)
Pattern 1 4 – –
Pattern 2 6 – –
Pattern 3 2 – 2
Pattern 4 – 6 4
Pattern 5 – 4 4
Table 3 Mean ADC values in the different types of neck
lymphadenopathy.
Number
of cases
ADC values
(Mean ± SD) · 103
(mm2/s)
Benign (reactional) 12 1.52 ± 0.37
Metastatic 10 0.90 ± 0.15
Lymphoma 10 0.72 ± 0.12
HL 4 0.87 ± 0.13
NHL 6 0.65 ± 0.06
Fig. 2 Forty-one year-old male patient with right upper cervica
lymphadenopathy. (A) Grey scale US reveals multiple enlarged right u
larger LN with cystic degeneration was excluded. (B) UE reveals pattern
map; showing high SI of the LN. The ADC value is 1.13 · 103 mm2/
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displacement by assessing the propagation of the imaging beam.
A scale is available on the machine to measure if adequate
compression was used. The US elastogram was displayed over
the B-mode image in a color scale that ranges from red, for
components with greatest elastic strain (i.e. softest components),
to blue for thosewith no strain (i.e. hardest components). In case
of multiple LNs; each node was evaluated separately.
2.2.1. B-mode evaluation
Grey scale US images of the LNs were evaluated for those cri-
teria (size, border, shape, hilum and echogenicity). Size and
shape were evaluated per region. Regional distribution was
judged according to the 1997 American Joint Committee on
Cancer (AJCC) criteria for lymph nodes, in which neck lymph
nodes are divided into seven levels. Scanning of LNs in level
was not possible by US so they were excluded (13,23).
2.2.2. Real time sonoelastography
After observing all the elastograms, three authors together
decided ﬁve patterns for the elastograms depending on the dis-
tribution of the blue (i.e., hard) area in the lymph node. Elas-
tographic patterns were determined on the distribution andl lymph node (at level 4) proved to be acute inﬂammatory
pper cervical lymph at level 4) measures (11 · 13 mm, arrow); the
1. (C) DWI at (b= 1000); the LN appears hypointense. (D) ADC
s.
390 H.A. Dawood et al.percentage of the lymph node area with hard area (i.e. blue
area): pattern 1, an absent or a very small hard area; pattern
2, hard area <45% of the lymph node; pattern 3, hard area
P45%; pattern 4, peripheral hard and central soft areas; pat-
tern 5, hard area occupying entire lymph node with or without
a soft rim [(13), Fig. 1].
2.3. MR imaging protocol
MR imaging was performed with the use of a 1.5-T MR (Achi-
eva, Philips Medical Systems, Netherland B.V.) by using a
standard head and neck coil. After localizer images in axial,
coronal and sagittal planes, conventional images were ob-
tained including T1-weighted images (500–600/10 repetition
time ms/echo time ms) and T2-weighted fast spin echo images
(3000/100) were obtained in the axial and coronal planes, with
a section thickness of 3–4 mm, an intersection gap of 1 mm, a
ﬁeld of view (FOV) of 250 mm and a ﬂip angle of 90. T1-
weighted images with and without fat saturation were per-
formed after the administration of 15 ml of gadopentetateFig. 3 Forty-six year-old male patient with right upper cervical
lymphadenitis. (A) UE reveals pattern 1. (B) DWI at (b= 1000); the L
The ADC value is 1.38 · 103 mm2/s.dimeglumine. DWI were obtained in the axial plane before
contrast administration, 3–4 mm slice thickness, 1 mm inter-
section gap, FOV 250 mm, repetition time/echo time 2000–
2600 ms/70 ms. The diffusion sensitizing gradient was applied
in all three orthogonal planes (X, Y, Z) using b values (0
and 1000 s/mm2). Apparent diffusion coefﬁcient (ADC) maps
were automatically calculated by MRI machine software and
included in the sequence.
2.4. MR Image analysis and data interpretation
MR images were blindly evaluated by two independent radiol-
ogists unaware of the UE ﬁndings. Conventional T1 and T2-
weighted images were assessed for the evaluation of the lesion.
ADC maps generated from DWI were used for the measure-
ment of ADC values. In case of multiple lymph nodes
(LNs), each one was separately evaluated. The nodal ADC va-
lue was obtained by drawing a region of interest (ROI) cover-
ing as much as possible of the pathologic node in all sections in
which it was present and averaging the results.lymph node (at region 4) proved to be chronic-non speciﬁc-
N appears hypointense. (D) ADC map; showing high SI of the LN.
Value of combined real time sonoelastography and apparent diffusion coefﬁcient value 3912.5. Combined UE and MR interpretation
A panel of three radiologists reviewed the recorded movies of
the UE and MR ﬁndings including the ADC measurement.
The agreement on the patterns of UE was 93.7% between
the three radiologists (in particular, UE were coincident in
30 of the 32 lesions) and was 96.9% in ADC values (in
particular, ADC values were coincident in 31 of the 32 lesions).
In these controversial lesions the ﬁnal decision was agreed after
conjoint reexamination of the recorded movies. The results of
the UE and ADC measurements were compared with the HPE
results.
2.6. Histopathological examination
Histopathological examination (HPE) by either neck dissec-
tion (n= 8 patients with 10 LNs), surgical (n= 10 patients
with 12 LNs) or US guided core biopsy (n= 8 patients with
10 LNs) was done for the 32 enlarged LNs. Lymph nodes iden-
tiﬁed on US and MRI were recorded by the level and side. In
case of more than one being present in the same side or level,
all were biopsied.Fig. 4 Forty-nine year-old male patient with multiple bilateral enlar
reveals pattern 5. (B) Axial T2WI shows bilateral multiple enlarged c
borders and homogeneous high SI. (C) DWI at (b= 1000); the LNs app
ADC value is (0.69 · 103 mm2/s).2.7. Statistical analysis
According to the HPE analysis of the enlarged lymph nodes,
our patients were divided into benign (reactive), metastasis
and lymphoma. Lymphoma was subdivided into Hodgkin
and non-Hodgkin types. Statistical analysis was done using
SPSS version 10. The methodology for sensitivity and speciﬁc-
ity was calculated from the formula of sensitivity = true posi-
tive/true positive + false negative and speciﬁcity = true
negative/true negative + false positive.
3. Results
This study included 26 patients (15 males and 11 females) pre-
sented with 32 enlarged neck LNs. The pathologic results were
correlated with the UE and MR ﬁndings.
The ﬁnal pathological diagnosis of the studied LNs were 12
benign (4 reactional and 8 inﬂammatory) LNs (37.5%, seen in
10 patients), 10 metastatic (31.25%, seen in 8 patients) and 10
lymphoma (31.25%, seen in 8 patients) including 4 cases with
Hodgkin’s lymphoma (HL, seen in 3 patients) and 6 cases with
non Hodgkin’s lymphoma (NHL, seen in 5 patients), [Table 1].ged cervical LNs proved to be Non Hodgkin lymphoma. (A) UE
ervical LNs, the studied LN on the right side shows well deﬁned
ears hyperintense. (D) ADC map; showing low SI of the LNs. The
392 H.A. Dawood et al.Locations of the study group LNs were 24 LNs at level 4, 2
at level 5, 3 at level 6 and 3 at level 3. The mean short axis of
examined lymph nodes was 3.5 cm (range = 1.4–7 cm).
On US elastography: pattern 1 was found in 4 LNs, all be-
nign; pattern 2 in 6 LNs, all benign; pattern 3 in 4 LNs, 2 be-
nign and 2 lymphoma; pattern 4 in 10 LNs, 6 were metastatic
and 4 were lymphoma, pattern 5 in 8 LNs; 4 were metastatic
and 4 were lymphoma [Table 2]. Thus, 10 of the 12 LNs with
a ﬁnal diagnosis of benign LNs had pattern of 1–2 (83.3%) and
18 of 20 LNs (90%) with a ﬁnal diagnosis of neoplastic LNs
had pattern of 4–5 [Table 2].
The mean ADC values of the benign, metastasis and lym-
phoma groups were 1.52 ± 0.37, 0.90 ± 0.15 and
0.72 ± 0.12 · 103 (mm2/s), respectively [Table 3]. The mean
ADC values of the benign neck lymph nodes were signiﬁcantly
higher than those of the metastasis lymph nodes [Figs. 2 and 3]
and nodal lymphoma (p< 0.0001), and the ADC values of the
metastatic lymph nodes were signiﬁcantly higher than those of
nodal lymphoma Figs. 4 and 5.Fig. 5 Fifty year-old female patient with multiple bilateral enlarged
thyroid gland. (A) UE reveals pattern 5. (B) DWI at (b= 1000); the LN
The mean ADC value is (0.81 · 103 mm2/s).The mean ADC of NHL (0.65 ± 0.06 · 103 (mm2/s) was
lower than the mean ADC of Hodgkin lymphoma
(0.87 ± 0.13 · 103 (mm2/s), [Table 3].
The sensitivity of ADC value measurement (91.6%) alone
was higher than UE (83.3%). The speciﬁcity of UE (90%)
was higher than ADC value measurement (85%). The accu-
racy rates of ADC value measurement and UE were the same
(87.5%). Combined ADC value measurement and UE had the
best results for detection of malignant LNs (sensitivity 91.6%,
speciﬁcity 95% and accuracy 93.8%, P-value 0.0001) [Table 4].4. Discussion
Our study included 26 patients with 32 enlarged neck LNs.
They were 12 benign lymphadenopathy (37.5%), 10 metastatic
(31.25%) and 10 lymphoma (31.25%) including 4 cases with
Hodgkin’s lymphoma and 6 cases with non Hodgkin’s
lymphoma.cervical LNs proved to be metastatic follicular carcinoma of the
s appears hyperintense. (C) ADC map; showing low SI of the LNs.
Table 4 Diagnostic performance of the ADC value measurement, UE and combined evaluation.
Imaging modality Sensitivity% (n) Speciﬁcity% (n) Accuracy% (n) P-Value
ADC value 91.6% (11/12) 85 (17/20) 87.5% (28/32)
UE 83.3% (10/12) 90% (18/20) 87.5% (28/32)
Combined ADC+UE 91.6% (11/12) 95% (19/20) 93.8% (30/32) 0.0001**
** P> 0.05 not signiﬁcant, P< 0.05 signiﬁcant, P< 0.01 highly signiﬁcant.
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of benign LNs had pattern of 1–2 (83.3%) and 18 of 20 LNs
(90%) with a ﬁnal diagnosis of neoplastic LNs had pattern
of 4–5 in agreement with Alam et al. (12) and Lyshchik et al.
(16) who reported near incidence in their studies.
In the current study, the mean ADC values of the benign,
metastasis and lymphoma groups were 1.52 ± 0.37,
0.90 ± 0.15 and 0.72 ± 0.12 · 103 (mm2/s), respectively in
agreement with Taha Ali (17) study who reported mean
ADC values of the benign, metastasis and lymphoma groups
(1.51 ± 0.36 · 103, 0.92 ± 0.13 · 103 and 0.74 ± 0.14 · 103
(mm2/s), respectively).
In the present study the mean ADC values of the benign
neck lymph nodes were signiﬁcantly higher than those of the
metastasis lymph nodes and nodal lymphoma (p< 0.0001)
in agreement with Alam et al. (18), Perrone et al. (19) and
Bondt et al. (20), studies whom found that the mean ADC
value of metastatic (1.09 ± 0.11 · 103 mm2/s) and lympho-
matous (0.97 ± 0.27 · 103 mm2/s) lymph nodes was signiﬁ-
cantly lower than that of benign (1.64 ± 0.16 · 103 mm2/s)
cervical lymph nodes.
In this study the ADC values of the metastatic lymph nodes
were signiﬁcantly higher than those of nodal lymphoma. The
mean ADC of non-Hodgkin lymphoma (0.65 ± 0.06 · 103
(mm2/s) was lower than the mean ADC of Hodgkin lymphoma
(0.87 ± 0.13 · 103 (mm2/s) in agreement with Taha Ali (17),
Alam et al. (18), Perrone et al. (19), Bondt et al. (20), King
et al. (21) and Sumi et al. (22) studies that revealed similar re-
sults and concluded that the ADC values were the highest in
metastatic nodes and the lowest in lymphoma which may be
explained by the increased cellularity and the reduced extracel-
lular space in lymphoma so reducing the ADC value.
Regarding nodal lymphoma in current study, the mean
ADC of non-Hodgkin lymphoma is signiﬁcantly lower than
the mean ADC of Hodgkin lymphoma in agreement with
Alam et al. (18) who demonstrated that the mean ADC value
was lower in patients with non-Hodgkin lymphoma compared
with patients with Hodgkin’s disease. We think this may be
attributed to the increased cellularity and the reduced extracel-
lular space in HL than NHL.
In the present study, UE show sensitivity, speciﬁcity and
accuracy of 83.3%, 90%, and 87.5%, respectively in agreement
with Alam et al. (12) study that revealed sensitivity, speciﬁcity
and accuracy of UE in characterization of neck LNs (83%,
100%, and 89%, respectively) and in disagreement with Lyshc-
hik et al. (16) study that revealed 75% sensitivity, 81% speci-
ﬁcity, and 79% accuracy.
In our study, the sensitivity of ADC value measurement
(91.6%) alone was higher than UE (83.3%). The speciﬁcity
of UE (90%) was higher than ADC value measurement
(85%). The accuracy rates of ADC value measurement
and UE were the same (87.5%). Combined ADC valuemeasurement and UE had the best results for detection
of malignant LNs (sensitivity 91.6%, speciﬁcity 95% and
accuracy 93.8%, P-value 0.0001).
To our limited knowledge, there is no previous English lan-
guage study documenting the value of combined UE and ADC
value measurement in the differentiation of enlarged neck
LNs. Combined techniques provide high diagnostic accuracy.
Further prospective studies are needed.
5. Conclusion
Combined UE and ADC value measurement are non invasive
techniques useful for differentiation of enlarged neck lymph.
The combination potentially could reduce unnecessary biopsy
especially for elasticity pattern 1–2.
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